Background Gastric bypass (GBP) is one of the most effective surgical procedures to treat morbid obesity and the related comorbidities. This study aimed at identifying preoperative predictors of successful weight loss and type 2 diabetes mellitus (T2DM) remission 1 year after GBP. Methods Prospective longitudinal study of 771 patients who underwent GBP was performed at four Italian centres between November 2011 and May 2013 with 1-year follow-up. Preoperative anthropometric, metabolic and social parameters, the surgical technique and the previous failed bariatric procedures were analyzed. Weight, the body mass index (BMI), the percentage of excess weight lost (% EWL), the percentage of excess BMI lost (% BMIL) and glycated haemoglobin (HbA 1c ) were recorded at follow-up. Results Univariate and multivariate analysis showed that BMI <50 kg/m 2 (p=0.006) and dyslipidaemia (p=0.05) were predictive factors of successful weight loss. Multivariate analysis of surgical technique showed significant weight loss in patients with a small gastric pouch (p<0.001); the lengths of alimentary and biliary loops showed no statistical significance. All diabetic patients had a significant reduction of 
Introduction
Obesity is a growing problem in developed countries, as a result of the adoption of a sedentary lifestyle and the increase in the intake of energy-dense types of food, which are also high in fat. According to the World Health Organization's (WHO) definition, the term obesity indicates Babnormal or excessive fat accumulation that presents a risk to health.Ô besity therefore is not merely a cosmetic concern, but rather-and more importantly-a health issue: indeed, obesity is often associated with life-threatening diseases, such as cardiovascular diseases, type 2 diabetes mellitus (T2DM), stroke, sleep apnoea and cancers [1, 2] . It is not infrequent for obese people to be unable to either lose weight at all or maintain the weight loss simply by increasing physical exercise and/or applying changes to their diet and behaviour, hence their resorting to bariatric surgery. Laparoscopic gastric bypass (GBP) is one of the most effective bariatric surgical procedures, when aiming at achieving long-term weight loss and metabolic results [3] . But, do all obese patients achieve the same results after undergoing GBP? Literature shows that GBP surgery does not invariably-albeit in the majority of cases-result in weight loss and metabolic improvements: more than 30 % of GBP patients fail to achieve this goal, up to 50 % report a weight gain within 24 months after GBP [4, 5] and about 60 % of T2DM patients do not reach diabetes remission 1 year after bariatric surgery [6] . Such outcomes are multi-factorial, i.e. they involve surgical as well as patientrelated factors. Research has shown that bariatric surgery may result in a modification of the complex network of peptides within the gastrointestinal tract, as well as central nervous system, thus altering the levels of satiety and energy expenditure [7, 8] . However, studies in this field are far from conclusive, and further research with the elaboration of new, more reliable approaches is needed.
In our opinion, the analysis of the potential predictors of success could be useful to improve the outcome of diabetic and non-diabetic obese patients, while allowing for a more accurate selection of patients undergoing GBP.
The primary goal of this study was to identify preoperative predictors of successful weight loss 1 year after GBP; subsequently, the study aimed at predicting the achievement of good glycaemic control after surgery among obese and diabetic patients.
Materials and Methods
A prospective longitudinal study of patients undergoing elective GBP between November 2011 and May 2013 was performed in four Italian centres. Informed consent was obtained from all participants included in the study. Consenting patients were included in the study in accordance with the international guidelines: well-informed and motivated patients with acceptable operative risks, failure of non-surgical treatments, declared compliance to follow lifelong medical surveillance, aged 18 to 65 years, BMI of 40 kg/m 2 or between 35 and 40 kg/m 2 with obesity-related comorbidities [9] . Anthropometric, metabolic and social parameters and smoking were recorded during baseline visits: anthropometric variables included height, body weight, sex, blood pressure (mmHg) and BMI (kg/m 2 ). Ideal body weight (IW) was calculated as the equivalent to the ideal BMI of 25 kg/m 2 . Excess weight (EW) and excess BMI (EBMI) were defined as the difference between initial weight and ideal weight and between initial BMI and ideal BMI, respectively. Metabolic parameters included the following: diabetic status, according to information provided by the patients; therapy for diabetes and baseline HbA1c % value; high-density cholesterol (HDL); triglycerides. Metabolic syndrome (MS) was diagnosed according to the new International Diabetes Federation (IDF) consensus worldwide definition [10] . Social parameters consisted of marital (single, married/cohabiting, divorced, widower) and employment status (employed, unemployed).
Laparoscopic GBP was performed in all four centres, with the three variables differing as follows: volume of the gastric pouch (40 and 60 ml); length of the alimentary limb (100, 120, 150 cm); length of the biliary limb (50, 80, 100 cm). Gastric pouch volume and limb length were measured intraoperatively. Once the gastric pouch was completely separated from the bypassed stomach, an intraoperative test with coloured water irrigation through a naso-gastric tube was routinely performed. The calculation of pouch size was the equivalent to a quantity of water necessary to obtain an initial tension on the suture line. The alimentary and biliary limbs were measured using a single use plastic ruler. This device was introduced in the abdomen and scrolled on the limbs.
An additional parameter, namely previous failed bariatric procedures (air-filled intragastric baloon, laparoscopic adjustable gastric banding, sleeve gastrectomy, vertical gastroplasty), was also included in the evaluation.
All patients were enrolled in a follow-up programme consisting of clinical examination and visit with dietician every 3 months and extensive blood tests every 6 months during the first year after surgery. At 1-year follow-up, the following parameters were evaluated: final weight (FW), final BMI, percentage of excess body weight loss (%EWL), percentage of BMI loss (%BMIL) and the final HbA1c percentage. Parameters were calculated as follows:
Success of bariatric surgery was set to EWL greater than 50 % and good glycaemic control of T2DM to HbA 1c lower than 6 %.
Statistical Analysis
The database was created, shared and approved by the all four centres, and data were collected anonymously using Microsoft Excel 2007 (Microsoft Excel 2007, Redmond, WA, USA).
Data were analysed using median (min-max) or mean± standard deviation for continuous variables, and number (n) and percentage (%) for categorical variables. Categorical data were compared using a chi-squared test and Fisher exact test. Differences in baseline variables among patients with EWL>50 % kg/m 2 and <50 % kg/m 2 and patients with preoperative HbA 1c % value between 6 and 7.8 % (mean HbA 1c %) and >7.8 % at 1 year were analysed with Student's t test and nonparametric test (Wilcoxon and MannWhitney) when appropriate.
Preoperative independent risk factors for success of surgery in terms of weight loss and improvement of glycaemic control were subsequently identified using multivariate models to which logistic regression was applied. Linear correlation analysis (Spearman's test) was used to quantify cross-sectional relationships between EWL and the ageand BMI-related variables.
The significance level was defined as p<0.05. All analyses were conducted using BR version 3.1.0^statistical software.
Results
We studied a population of 771 patients who underwent GBP, of whom 588 female (76. . Smokers were 171 (22.2 %). Metabolic syndrome (MS), hypertension, dyslipidaemia and T2DM were found in 215 (27.9 %), 140 (18.2 %), 118 (15.3 %) and 24 (3.1 %) patients, respectively, while obesity without comorbidities was found in 274 patients (35.5 %) . Among the obese patients affected by metabolic syndrome, the association between T2DM and hypertension was present in 57 patients (26.5 %), T2DM and dyslipidaemia in 28 patients (13 %) and hypertension and dysplipidaemia in 62 patients (28.8 %) . The association of T2DM, hypertension and dyslipidemia was recorded in 68 patients (31.7 %). Considering the parameter T2DM, 177 participants out of a total of 771 participants (22.9 %) were affected by diabetes; 105 subjects (59.3 %) had a baseline HbA 1c %>6, four (<6 %) had a normal range of HbA 1c % and 68 (38.4 %) lacked any preoperative or postoperative HbA 1c % data. The last two groups were included in the statistical analyses regarding weight results exclusively, i.e. did not qualify for glycaemic outcomes. The volume of the gastric pouch was 40 ml in 284 patients (36.8 %) and 60 ml in 487 (63.2 %); the length of the alimentary limb was 100, 120 and 150 cm in 300 (38.9 %), 128 (16.6 %) and 343 (55.7 %) patients, respectively; the length of biliary limb was 50 cm in 308 (39.9 %), 80 cm in 46 (6.0 %) and 100 cm in 417 (54.1 %) patients, respectively. Previous bariatric procedures were performed in 110 patients (14.3 %): intragastric balloon was positioned in 28 patients (25.5 %), while laparoscopic gastric banding, sleeve gastrectomy and vertical gastroplasty were performed in 41 (37.3 %), 3 (2.7 %) and 38 (34.5 %) patients, respectively.
Marital status and employment were evaluated as social parameters in 391 patients with the following results: 102 (26.1 %) single, 261 (66.8 %) married/cohabiting, 22 (5.6 %) divorced and 6 (1.5 %) widower; 272 (69.9 %) employed and 119 (30.4 %) unemployed.
All data regarding patients' characteristics are shown in Table 1 .
Mean postoperative follow-up period was 12.3 ± 0.7 months.
One year after surgery, 688 (89.2 %) patients lost more than 50 % EWL (p<0.001) while 83 (10.8 %) patients did not reach this goal. We subsequently analysed the relation between age, baseline BMI, sex, presence of comorbidities, smoking, surgical technique, previous bariatric surgery and %EWL. At univariate analysis, we found a significant interaction between %EWL and baseline BMI < 50 kg/m 2 (p<0.001), dyslipidaemia (p=0.002) and volume of gastric pouch=40 ml (p<0.001). Statistically significant interaction between baseline BMI<50 kg/m 2 (p=0.006), dyslipidaemia (p=0.05), the volume of gastric pouch=40 ml (p<0.001) and %EWL was confirmed at multivariate and linear correlation analysis (Fig. 1) . At univariate analysis, negative correlation was found between % EWL and T2DM, metabolic syndrome, hypertension and previous bariatric procedure (p=0.003, p= 0.03, p=0.02 and p<0.001 respectively). The multivariate analysis showed a negative correlation between T2DM (p= 0.005) and metabolic syndrome (p=0.03) and %EWL. Sex (p=0.55), age (p=0.45), length of alimentary (p=0.59) and biliary limb (p=0.84) and smoking status (p=0.4) were not identified as predictors of weight loss.
Of the 105 diabetic patients with HbA 1c >6 %, remission of the T2DM (p<0.001) was recorded in 61 cases (58 %). The remaining 44 patients (42 %) showed an improvement in their glycaemic control. Mean HbA 1c level had significantly decreased from 7.8±1.4 % preoperatively to 5.9±0.8 % 1 year after surgery (−1.9±1.2 %, p<0.0001); this result was confirmed by the outcome of the linear correlation analysis (p<0.001) (Fig. 2) . Furthermore, surgical success in terms of weight loss was achieved in 147 out 177 diabetic patients (83.1 %), although such result was not deemed statistically significant when compared to data regarding weight loss in non-diabetic patients. Patients whose EWL was still less than or equal to 50 % 12 months after surgery (30 patients, accounting for 16.9 % of cases) displayed a statistically significant good glycaemic control (p < 0.001). For statistical analysis, diabetic patients were divided in two groups, and the cut-off was the mean preoperative HbA 1c level equal to 7.8 %.
The first group ranged between 6 and 7.8 % and the second with HbA 1c value >7.8 %.
At multivariate analysis, preoperative BMI≥50 kg/m 2 (p= 0.02) and low-level (6 %<HbA 1c <7.8 %) preoperative HbA 1c (p<0.01) were found as independent risk factors of remission of T2DM after surgery.
The remaining anthropometric, metabolic and social parameters did not show any significant correlation with the improvement of glycaemic control.
Conclusion
Bariatric surgery is the treatment of choice for morbid obesity, but at present, data on potential predictors of success in terms of weight loss and T2DM remission are limited and results frequently controversial.
Our study aimed mainly at identifying preoperative predictors of effective weight loss 1 year after surgery. Our results in terms of weight loss after laparoscopic GBP confirm data currently present in the literature [3, [11] [12] [13] : 89.2 % of patients lost greater than 50 % EWL in a mean time of 12 months. In our study, factors significantly associated with GBP success were baseline BMI<50 kg/m 2 , dyslipidaemia and small volume of the gastric pouch. Previous studies identified young age as a determinant factor for greater EWL% [14] [15] [16] as well, but in our study, this parameter was not identified as predictor of weight loss. Consensus among scholars has yet to be reached on the matter. The same holds for the age-related factor, whereas results regarding the BMI parameter appear less divergent: indeed, a significant number of studies reported a negative association between preoperative BMI and weight loss after bariatric surgery [4, 16, 17] . According to a recent systematic review [4] , weight loss in preoperatively non-super-obese patients is greater than in cases of preoperatively super-obesity. In our study, the super-obese group lost a mean of 14 % less EWL compared to its nonsuper-obese counterpart. Our data showed that initial BMI< 50 kg/m 2 and dyslypidaemia are associated with higher EWL% after GBP. Such outcome was obtained through univariate analysis and confirmed at multivariate and at linear correlations analysis.
As far as the size of the gastric pouch is concerned, our data suggest that it is a significant factor influencing weight loss: indeed, between the two sizes of the pouch we considered (40 versus 60 ml), the smallest was appeared to be the most effective. This finding confirms previous studies [18] [19] [20] , thus corroborating the hypothesis that a large gastric pouch allows for a gradual increased food intake, resulting in a possible gastric dilatation in time.
Previous studies highlighted the correlation between GBP poor results a history of bariatric procedures (intragastric balloon, laparoscopic gastric banding, sleeve gastrectomy, vertical gastroplasty), accounting for 14.3 % (110 patients) in our series. In our study, a history of previous bariatric procedure was associated with the unsuccessful group (30.1 versus 12.3 % in the successful group). According to these authors, revisional surgery was a safe procedure, but weight loss was significantly reduced after primary bariatric surgery [17] [18] [19] [20] [21] . Indeed, in their series of 292 patients (66 revisional GBP compared to 226 primary GBP), Slegtenhorst et al. found a lower weight loss 1 year after revisional GBP (37.4±11.5 versus 29.3±17.2 kg; p=0.001) [22] .
Diabetes appeared to negatively influence weight loss in our study: although 83.1 % of diabetic patients achieved weight, such percentage was not statistically significant when compared with the weight loss of the non-diabetic patients. In 16.9 % of cases, EWL was still lower than or equal to 50 % 12 months after surgery, but a statistically significant good glycaemic control was recorded (p<0.001). We believe that this finding is particularly meaningful, as the benefit of GBP for diabetic patients goes beyond the absolute amount of EWL.
In line with previous studies [23] , our data confirmed that for obese patients with T2DM, modest weigh reduction leads to improved glycaemic control. In addition to T2DM, obese patients often have metabolic syndrome, dyslipidaemia or hypertension, which significantly decrease life expectancy. At univariate analysis, our study showed a significant correlation between %EWL and dyslipidaemia (p=0.002), and a negative correlation with the metabolic syndrome (p=0.03) and hypertension (p=0.02).
In our experience, 10.8 % of patients did not reach the Reinhold's criteria. This finding is consistent with data present in the literature reporting a failure rate up to 40 % [24] .
Second aim of our study was to detect baseline factors predicting remission or improvement of T2DM. As Bmetabolic surgery,^bariatric surgery has been recently endorsed in the clinical practice recommendations of the American Diabetes Association [25] because of its efficacy in improving and even normalizing HbA 1c levels in diabetic obese patients. These findings led the International Diabetes Federation to recommend bariatric surgery even for non-obese patients of Asian ethnicity with T2DM [26] .
The effect of GBP on diabetes has been extensively discussed in the literature [3, 27, 28] . In our study, of 771 participants, 105 (13.6 %) patients were affected by diabetes. T2DM was completely solved in 61 (58 %) patients (p<0.001) and improved in the remaining 44 (42 %) at 12 months from surgery. Furthermore, mean HbA 1c level had decreased significantly 1 year after surgery in all obese diabetic patients; this finding was confirmed at linear correlation analysis. Preoperative characteristics of patients reaching remission of diabetes were compared with those of patients who failed to reach this goal. In our experience, the majority of patients with T2DM remission were superobese patients and had low-level (6 %<HbA1c<7.8 %) preoperative HbA 1c . The multivariate analysis showed that preoperative BMI≥50 kg/m 2 and low-level (6 %<HbA1c< 7.8 %) preoperative HbA 1c appear to be independent risk factors of remission of T2DM after surgery. The relationship between T2DM remission and preoperative BMI is still controversial. A recent meta-analysis showed no significant correlation between baseline BMI and remission rate [29] ; other studies identified a BMI≤50 kg/m 2 as predictive factor of T2DM resolution. Dixon et al. [30] found higher BMI to be an independent predictor of diabetes remission, which our study also confirms. Previous studies shown the predictive role of preoperative HbA 1c appear to further corroborate our results [31] [32] [33] .
Previous studies also identify age [34, 35] , female gender [36] , duration of T2DM prior to surgery [30, 37] , preoperative weight loss [7] and psychosocial factors [38] as independent predictors for glycaemic control after GBP. In our study, age, gender, smoking status and social parameters did not qualify as predictors of weight loss.
The present study has a number of limitations. Our evaluation did not include a number of preoperative factors that have been associated with EWL and T2DM remission/improvement, such as diet or physical activity after surgery, the duration of T2DM prior to surgery, oral medication/or insulin use and C-peptide level [34, 36, 37] . Furthermore, we limited our study to the 12-month outcome, as this appears to be the most consistently reported in the literature. Undoubtedly, both weight loss and weight regain may continue in the following months; however, the first 12 months after surgery have proved particularly significant for gathering clinical information and for establishing the need for further investigation.
In conclusion, our efforts to detect preoperative predictive factors influencing the outcome of surgery focused on weight loss variations and diabetes resolution 12 months after laparoscopic gastric bypass.
Our data suggest that baseline BMI<50 kg/m 2 , dyslipidaemia and a small gastric pouch could be considered predictors of success in terms of weight loss: a statistically significant interaction between these factors and %EWL 12 months after surgery was found at univariate, multivariate and linear correlation analysis. Metabolic syndrome and T2DM showed negative correlation with %EWL.
As regards to metabolic parameters, preoperative BMI≥ 50 kg/m 2 and low-level (6 %<HbA 1c <7.8 %) preoperative HbA 1c were found to be independent risk factors of remission of T2DM after surgery.
Further studies on external validity may prove useful in corroborating our findings.
